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SYSTEM AND METHOD FOR FACILITATING HEMOSTASIS OF 
BLOOD VESSEL PUNCTURES WITH ABSORBABLE SPONGE 

BACKGROUND OF THE INVENTION 

The invention relates to systems and devices for closure of blood vessel 
punctures, and more particularly, the invention relates to systems and methods for 
facilitating hemostasis of blood vessel punctures with an absorbable sponge material. 

BRIEF DESCRIPTION OF THE RELATED ART 

A large number of diagnostic and interventional procedures involve the 
percutaneous introduction of instrumentation into a vein or artery. For example, 
coronary angioplasty, angiography, atherectomy, stenting of arteries, and many other 
procedures often involve accessing the vasculature through a catheter placed in the 
femoral artery or other blood vessel. Once the procedure is completed and the catheter 
or other instrumentation is removed, bleeding from the punctured artery must be 
controlled. 

Traditionally, external pressure is applied to the skin entry site to stem bleeding 
from a puncture wound in a blood vessel. Pressure is continued until hemostasis has 
occurred at the puncture site. In some instances, pressure must be applied for a up to 
an hour or more during which time the patient is uncomfortably immobilized. In 
addition, a risk of hematoma exists since bleeding from the vessel may continue 
beneath the skin until sufficient clotting effects hemostasis. Further, external pressure 
to close the vascular puncture site works best when the vessel is close to the skin 
surface and may be unsuitable for patients with substantial amounts of subcutaneous 
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adipose tissue since the skin surface may be a considerable distance from the vascular 
puncture site. 

More recently, devices have been proposed to promote hetnostasis directly at a 

site of a vascular puncture. One class of such puncture sealing devices features an 
5 intraluminal anchor which is placed within the blood vessel and seals against an inside 

surface of the vessel puncture. The intraluminal plug may be used in combination with 

a sealing material positioned on. the outside of the blood vessel, such as collagen. 

Sealing devices of this type are disclosed in U.S. Patent Nos. 4,852,568; 4,890,612; 

5,021,059; and 5,061,274. 
10 Another approach to subcutaneous blood vessel puncture closure involves the 

delivery of non-absorbable tissue adhesives, such cyanoacrylate, to the perforation site. 

Such a system is disclosed in U.S. Patent No. 5,383,899. 

The application of an absorbable material such as collagen or a non-absorbable 

tissue adhesive at the puncture site has several drawbacks including: 1) possible 
15 injection of the material into the blood vessel causing thrombosis; 2) a lack of pressure 

directly on the blood vessel puncture which may allow blood to escape beneath the 

material plug into the surrounding tissue; and 3) the inability to accurately place the 

absorbable material plug directly over the puncture site. 

The use of an anchor and plug system addresses these problems to some extent 
20 but provides other problems including: 1) complex and difficult application; 2) partial 

occlusion of the blood vessel by the anchor when placed properly; and 3) complete 

blockage of the blood vessel or a branch of the blood vessel by the anchor if placed 

improperly. Another problem with the anchor and plug system involves reaccess. 

Reaccess of a particular blood vessel site sealed with an anchor and plug system is not 
25 possible until the anchor has been completely absorbed because the anchor could be 

dislodged into the blood stream by an attempt to reaccess. 

Yet another approach to subcutaneous puncture closure involves the internal 

suturing of the blood vessel puncture with a specially designed suturing device. 
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However, these suturing devices involve a significant number of steps to perform 
suturing and require substantial expertise. 

The use of a bioabsorbable hemostatic foam is a promising new alternative for 
promoting hemostasis of a blood vessel puncture site. One example of a hemostatic 
5 foam system for facilitating hemostasis of a puncture site is described in International 

Publication No. WO 99/56692 which is incorporated herein by reference in its 
entirety. As described in this application, a pledget of compressed hemostatic foam is 
cut from a sheet of the foam material and is rolled into a configuration which is 
inserted into a delivery device. Once the foam pledget is inserted into the delivery 
10 device, the foam is hydrated, compressed, and delivered to a body for promoting 

hemostasis of a blood vessel puncture site. 

SUMMARY OF Tffl?, INVKNTTONT 

One aspect of the present invention relates to a device for facilitating 
hemostasis of a puncture in the wall of a blood vessel. The device includes a delivery 

15 chamber for delivery of a sponge pledget into a patient to seal a puncture, a pusher 

positioned in a proximal end of the introducer for ejection of the pledget from the 
delivery chamber into the patient to seal the puncture, and a staging chamber 
removably connectable to a distal end of the delivery chamber for hydrating the sponge 
pledget and delivering the sponge pledget to the delivery chamber, the staging chamber 

20 having a lumen diameter which is larger than a lumen diameter of the delivery 

chamber. 

In accordance with another aspect of the present invention, a connector for 
introducing fluid to a chamber includes a connector body, a releaseable coupling for 
coupling a first end of the connector body to the opening of the chamber, a sealing 
25 mechanism for forming a substantially fluid tight seal between the first end of the 

connector body and the opening of the chamber, and a lock mechanism for preventing 
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the release of the releaseable coupling when a syringe is connected to a second end of 
the connector body. 

In accordance with an additional aspect of the present invention, a staging 
system for hydrating a sponge pledget includes a staging chamber having an open 
5 lumen with a tapered section at a first end, and a connector attachable to a second end 

of the staging chamber for connecting a syringe to the staging chamber. The connector 
includes a connector body having a central lumen, a first end for connection to the 
staging chamber, and a second end for connection to a syringe, a releasable coupling 
for coupling the first end of the connector body to the staging chamber, and a sealing 

10 mechanism for forming a substantially fluid tight seal between the first end of the 
connector and the staging chamber. 

In accordance with a further aspect of the present invention, a device for 
facilitating hemostasis of a puncture in the wall of a blood vessel includes a delivery 
cannula for delivery of a sponge pledget into a patient to seal a puncture, a pusher 

15 positioned in a proximal end of the delivery cannula for ejection of the pledget from 

the delivery cannula into the patient to seal the puncture, and a staging chamber having 
a first end removably connec table to the delivery cannula. The staging chamber has a 
valve with a first position for hydrating the sponge pledget and a second position for 
delivering the sponge pledget to the delivery cannula. The staging chamber has a 

20 lumen diameter which is larger than a lumen diameter of the delivery cannula. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in greater detail with reference to the 
preferred embodiments illustrated in the accompanying drawings, in which like 
elements bear like reference numerals, and wherein: 
25 FIG. 1 is a perspective view of a staging system including a staging chamber, 

an easy loader connector, and a pledget; 
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FIG. 2 is a perspective view of the staging system of FIG. 1 with the pledget 
positioned in the staging chamber; 

FIG. 3 is a perspective view of the staging system of FIG. 1 and a syringe for 
connection to the staging system; 
5 FIG. 4 is a perspective view of the staging system of FIG. 1 which has been 

connected to a syringe for hydrating and delivering the pledget to a delivery chamber; 

FIG. 5 is a perspective view of a pledget delivery system in which the pledget 
has been delivered to the delivery cannula by the staging system; 

FIG. 6 is a perspective view of the delivery system of FIG. 5 delivered over a 
L0 guidewire to a puncture site; 

FIG. 7 is a perspective view of the delivery system of FIG. 5 in position for 
delivery of the pledget; 

FIG. 8 is a perspective view of the delivery system of FIG. 5 with the pledget 
being delivered; 

15 FIG. 9 is an enlarged perspective view of a portion of the delivery system of 

FIG. 5 showing the locking feature; 

FIG. 10 is a side cross sectional view of the staging system of FIG. 1; 
FIG. 1 1 is a perspective view of an alternative embodiment of the staging 

system; 

£0 FIG. 12 is a perspective view of a further alternative embodiment of the staging 

system; 

FIG. 13 is a perspective view of an additional alternative embodiment of a 
staging system; 

FIG. 14 is a perspective view of a front loader system for staging and 
15 delivering a pledget; 

FIG. 15 is a perspective view of the front loader system of FIG. 14 mounted on 
a presentation card; 
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FIG. 16 is a perspective view of the front loader system of FIG. 14 during 
loading of a pledget into the staging chamher; 

FIG. 17 is a perspective view of the front loader system of FIG. 14 with the 
pledget positioned in the staging chamber; 

FIG. 18 is a perspective view of the front loader system of FIG. 14 with a 
syringe attached for hydrating and staging the pledget; 

FIG. 18A is an enlarged perspective view of the portion A of FIG. 18; 

FIG. 19 is a perspective view of the front loader system of FIG. 14 with a 
hydrated pledget; 

FIG. 20 is a perspective view of the front loader system of FIG. 14 with the 
pledget loaded into a delivery cannula; 

FIG. 21 is a perspective view of a front loader system including a staging 
chamber with a gate valve; 

FIG. 22 is a perspective view of the front loader system of FIG. 21 with a 
syringe attached for hydrating and staging the pledget; 

FIG. 22A is an enlarged cross section of a portion of FIG. 22; 

FIG. 23 is a perspective view of the front loader system of FIG. 21 showing the 
pledget being delivered from the staging chamber to the delivery cannula; 

FIG. 23A is a cross section of FIG. 23 while the pledget is being delivered to 
the delivery cannula; 

FIG. 23B is a cross section of FIG. 23 when the pledget has been delivered into 
the delivery cannula; 

FIG. 24 is a perspective view of the front loader system of FIG. 21 with the 
pledget delivered to the delivery cannula and any excess pledget material being 
removed; 

FIG. 24A is an enlarged cross section of FIG. 24; and 
FIG. 25 is a perspective view of the front loader system of FIG. 21 with the 
pledget positioned in the delivery cannula and the staging chamber removed. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The absorbable sponge delivery systems described herein are used to deliver an 
absorbable sponge pledget in a hydrated condition to a blood vessel puncture site to 
achieve hemostasis. In general, the delivery systems include a staging chamber, a 
5 delivery cannula, and a pusher. The systems allow over the wire delivery of hydrated 
absorbable sponge material directly to the blood vessel puncture site to achieve 
hemostasis. Over the wire delivery ensures that the sponge material is properly 
positioned to fully occlude the puncture. In addition, the absorbable sponge material is 
delivered in a hydrated state which immediately expands to stop blood flow through the 
L0 puncture. The staging chamber and delivery cannula allow the delivery of more 

absorbable sponge material through a smaller tract by hydrating and compressing the 
absorbable sponge material. 

Prior to discussing the present invention in further detail, the following terms 
are defined: 

15 "Pledget" means a piece of sponge formed into a generally elongated shape 

having a size which allows delivery in a hydrated state through a delivery cannula to a 
site of a puncture in a blood vessel. 

"Sponge" means a biocompatible material which is capable of being hydrated 
and is resiliency compressible in a hydrated state. Preferably, the sponge is non- 
iO immunogenic and may be absorbable or non-absorbable. 

"Absorbable sponge" means sponge which when implanted within a human or 
other mammalian body is absorbed by the body. 

"Hydrate" means to partially or fully saturate with a fluid, such as, saline, 
water, contrast agent, thrombin, therapeutic agents, or the like. 
15 "Kneading" of the absorbable sponge material means both dry and wet 

manipulation of sponge material which compresses, enlarges, or changes the shape of 
the sponge material causing the sponge material to have improved expansion response. 
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FIG. 1 illustrates a staging system 10 for hydrating and compressing an 
absorbable sponge pledget 12 and delivering the pledget into a delivery system. As 
discussed in further detail below, once the pledget 12 is positioned in the delivery 
system in a hydrated and compressed state, it is delivered over a guidewire to a blood 

5 vessel puncture site to promote hemostasis of the puncture. The staging system 10 
includes a staging chamber 14 and an easy loader connector 16. 

As shown in FIG. 1 , the staging chamber 14 has an interior lumen 20 with a 
tapered portion 22 at a first end. A second end of the staging chamber 14 includes a 
loading opening 24 and an annular flange 26. 

10 The easy loader connector 16 has a first end 30 for connection to the staging 

chamber 14 and a second end 32 including a iuer fitting or other fitting for receiving a 
syringe or other fluid delivery member. The easy loader connector 16 also includes 
two snap fit tabs 34 with angled forward surfaces 36. The snap fit tabs 34 snap over 
the annular flange 26 on the staging chamber 14 to secure the easy loader connector 16 

15 to the staging chamber. Each of the snap fit tabs 34 has a corresponding wing 38. 

The wings 38 are depressed inwardly to release the easy loader connector 16 from the 
staging chamber 14. 

The easy loader connector 16 allows the loading opening 24 of the staging 
chamber 14 to be larger in diameter than the opening in a standard luer fitting which 

10 receives the syringe. The opening of a standard luer fitting is about 0. 156 inches. 

FIG. 10 is a side cross sectional view of the staging system 10 including the 
staging chamber 14 and the easy loader connector 16. FIG. 10 more clearly shows the 
tapered portion 22 of the staging chamber lumen for compressing the pledget 12 while 
the pledget is delivered to the delivery cannula 50. FIG. 10 also shows the angled 

15 forward surfaces 36 of the easy loader tabs 34 which provide an easy snap fit 
connection. 

In use, the pledget 12 is inserted into the staging chamber 14 through the 
loading opening 24. The easy loader connector 16 is then attached to the staging 



WO 01/87407 



PCT/US01/15198 



chamber 14. A syringe 44, shown in FIG. 3, is attached to the easy loader connector 
to allow injection of fluid into the staging chamber to hydrate, advance, and compress 
the pledget 12. Preferably, a seal is provided between the easy loader connector 16 
and the staging chamber 14. The seal will be described further below with respect to 

5 FIGS. 11-13. 

FIG. 4 illustrates the staging system 10 connected to the syringe 44 in 
preparation for hydrating and staging the pledget 12. The pledget 12 may be hydrated 
by placing a finger or vent cap over the first end of the staging chamber 14 and rapidly 
injecting a hydrating fluid into the staging chamber 14 with the syringe. Alternatively, 

10 the pledget 12 can be hydrated after the staging system 10 is attached to the delivery 
cannula 50. The hydrated pledget is then injected into the delivery cannula 50 for 
delivery to the puncture site. 

The easy loader connector 16 also includes a lock mechanism which prevents 
the connector from being disconnected from the staging chamber 14 when a syringe 44 

15 is connected to the connector. The locking mechanism is provided by stops 40 on the 
wings 38. The stops 40 contact the side walls of the syringe 44 preventing the wings 
38 from deflecting radially inward. This locking mechanism allows higher pressures 
to be used for hydration. 

FIGS. 5-8 illustrate the steps of delivering a pledget 12 to a puncture site with a 

10 delivery system including the delivery cannula 50 and a pusher 52. The delivery 

cannula 50 includes a depth indicator 54 which is set in a manner such as is described 
in International Publication No. WO 99/56692. 

The pusher 52 and delivery cannula 50 are provided with interengaging lock 
members 62, 64 which prevent or allow relative motion of the pusher and delivery 

15 cannula in one or two axial directions depending on the relative rotational position of 
the lock members. The lock member 64 on delivery cannula 50 also includes two 
wings which may be used as a handle. 
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FIG. 5 illustrates the delivery system with a pledget 12 loaded in a distal end of 
the delivery cannula 50 by using the staging chamber 14 as described above. One 
method of delivering an absorbable sponge pledget sponge 12 to facilitate hemostasis 
of a blood vessel puncture wound will now be described with respect to FIGS. 5-8. 
5 After an intervascular procedure has been completed, a guidewire 60 is already 

in place passing through the subcutaneous tissue 100 and into the blood vessel 102. 
Alternatively, if a guidewire is not already in place the guidewire is inserted through 
an access sheath used in the intervascular procedure and the access sheath is then 
removed. The guidewire 60 is maintained in place with a proximal end extending 

L0 from the patients body and a distal end extending through the skin 104 and 

subcutaneous tissue 100, and into the blood vessel 102. A proximal end of the 
guidewire 60 is fed into the distal end of the delivery cannula 50 through the hydrated 
and compressed pledget 12 and out a proximal end of the pusher 52. 

Preferably, the guidewire 60 is fed through substantially the center of the 

15 pledget 12 to ensure that the implanted pledget is substantially centered over the blood 
vessel puncture. Alternatively, the guidewire may be inserted along a side of the 
pledget 12, through a separate second lumen of the delivery cannula 50, through an 
axial lumen in the pledget, or through a low density center of the pledget. 

The delivery cannula 50 and pusher 52 are advanced together down through the 

10 skin 104 and subcutaneous tissue 100 until the depth indicator 54 on the exterior of the 

delivery cannula 50 is at the skin level. If a depth indicator is not used, the proper 
location of the cannula 50 is determined by palpation of the vessel with the cannula, by 
visualization, or by other means. According to a preferred embodiment, the lock 
members 62, 64 are in a locked position as shown in FIG. 6 during introduction of the 

15 delivery cannula 50 into the tissue to prevent relative motion of the cannula 50 and 

pusher 52 and thus, premature delivery of the pledget 12. 

As shown in FIG. 7, the lock member 62 is rotated with respect to the lock 
member 64 to allow relative motion of the pusher 52 and delivery cannula 50 for 
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delivery of the pledget. As shown in FIG. 8, the pusher 52 is held stationary while the 
delivery cannula 50 is withdrawn proximally preferably to a distance of about 75 
percent of the length of the compressed, hydrated pledget 12. The 75 percent 
withdrawal distance may be indicated with appropriate markings on the delivery 
system. The portion of the pledget 12 which has been ejected into the tissue quickly 
expands upon delivery to fill the available space and provide localized compression. A 
slight forward pressure may then be maintained on the delivery cannula 50 and pusher 
52 to increase local compression for a short period of time. The guidewire 60 is then 
removed and the delivery cannula 50 is withdrawn the remaining 25 percent. A slight 
forward pressure may be maintained again before the delivery cannula 50 and pusher 
52 are removed from the patient. The delivered pledget 12 maintains hemostasis of the 
blood vessel puncture until healing occurs. The pledget 12 is preferably absorbed by 
the body over time. 

FIG. 9 is an enlarged view of a portion of the delivery cannula 50 and the 
pusher 52 showing the lock members 62, 64. The lock members 62, 64 each include 
wings 38, 68 which, when aligned, allow the relative motion of the delivery cannula 
50 and pusher 52. When the wings 38, 68 are unalligned, relative motion of the 
delivery cannula 50 and pusher 52 is prevented. Although a rotary lock has been 
shown the locking mechanism may be any of those known in the art. 

FIGS. 11-13 illustrate alternative embodiments of the easy loader connector. 
As shown in FIG. 11, an easy loader connector 16a is provided with an O-ring or 
gasket seal 74 which provides a substantially fluid tight seal between the connector and 
the staging chamber 14a. The seal 74 may be any known seal, such as a silicone 
gasket. The seal 74 may conform to the shapes of the mating members for improved 
sealing. 

FIG. 12 illustrates an alternative embodiment of the easy loader connector 16b 
in which a substantially fluid tight seal is provided by a conical beveled surface 76 on 
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delivery of the pledget. As shown in FIG. 8, the pusher 52 is held stationary while the 
delivery cannula 50 is withdrawn proximally preferably to a distance of about 75 
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forward pressure may be maintained again before the delivery cannula 50 and pusher 
52 are removed from the patient. The delivered pledget 12 maintains hemostasis of the 
blood vessel puncture until healing occurs. The pledget 12 is preferably absorbed by 
the body over time. 

FIG. 9 is an enlarged view of a portion of the delivery cannula 50 and the 
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50 and pusher 52. When the wings 38, 68 are unalligned, relative motion of the 
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shown the locking mechanism may be any of those known in the art. 

FIGS. 11-13 illustrate alternative embodiments of the easy loader connector. 
As shown in FIG. 11, an easy loader connector 16a is provided with an O-ring or 
gasket seal 74 which provides a substantially fluid tight seal between the connector and 
the staging chamber 14a. The seal 74 may be any known seal, such as a silicone 
gasket. The seal 74 may conform to the shapes of the mating members for improved 
sealing. 

FIG. 12 illustrates an alternative embodiment of the easy loader connector 16b 
in which a substantially fluid tight seal is provided by a conical beveled surface 76 on 
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the connector and a correspondingly shaped beveled surface 78 on the opening of the 
staging chamber 14b. 

FIG. 13 illustrates an alternative embodiment of a rotatable locking system or 
bayonet lock between an easy loader connector 16c and staging chamber 14c 

5 employing two locking fingers 80 and corresponding locking slots 82. A tapered 
sealing portion is also provided on the connector. 

FIGS. 14-20 illustrate an alternative embodiment of a staging system in which a 
pledget is delivered into the delivery cannula 50 from a distal end of the delivery 
cannula. This system for delivering the pledget into the distal end of the delivery 

.0 cannula 50 allows improved placement of the pledget in the delivery cannula because a 

distal end of the pusher 52 can be used as a stop to accurately locate the pledget. ; In 
addition, front loading delivery of the pledget into the delivery system reduces the 
number of steps for loading because the pusher can be located in the delivery cannula 
prior to the loading of the pledget. 

.5 The delivery system of FIG. 14 includes a delivery cannula 50, a pusher 52, a 

staging chamber 114, and an easy loader connector 16. As shown in FIG. 15, the 
delivery system of FIG. 14 can be provided in an assembled configuration in a kit 
and/or on a presentation card 118. The system of FIG. 15 is assembled and ready for 
loading of the pledget into the staging chamber 1 14. 

10 FIGS. 16 and 17 illustrate the loading of the pledget into the staging chamber 

1 14 and the connection of the easy loader connector 16 onto the staging chamber. A 
stopcock 120 is provided in the staging chamber 114 for venting a fluid during 
hydration of the pledget 12. As shown in FIGS. 18 and 18A, the syringe 44 is 
attached to the easy loader connector 16 and fluid is injected into the staging chamber 

t5 114 to hydrate the pledget 12. During hydration, excess fluid is vented through the 

stopcock 120 which is positioned in a venting position. After hydration, the stopcock 
120 is rotated as illustrated by the arrow B in FIG. 19 to a delivery position for 
delivery of the pledget 12 from the staging chamber 114 into the delivery cannula 50 
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as illustrated in FIG. 20. Injection of fluid from the syringe 44 with the stopcock 120 
in the delivery position delivers the pledget into the delivery cannula 50. The stopcock 
120 may then be rotated to cut off or shear off a trailing portion the pledget 12. The 
staging chamber 114 is then removed from the delivery cannula 50 and the pledget is 

5 delivered to a puncture site in a blood vessel in the manner described with respect to 

the first embodiment. 

FIGS 21-25 illustrate an alternative embodiment of a staging chamber 214 
including a sliding gate valve 220. The sliding gate valve may be used in place of the 
stopcock 120 of FIGS. 14-20. Although a rotating stopcock valve and a sliding gate 

.0 valve have been illustrated, other types of valves may also be used. 

FIG. 21 illustrates the loading of a pledget 12 into the staging chamber 214 
which is connected to the delivery cannula 50. As shown in FIG. 22, after the pledget 
12 is loaded into the staging chamber 214, the easy loader connector 16 and syringe 44 
are connected to the staging chamber 214 for hydration of the pledget. As shown in 

.5 FIG. 22A, the gate valve 220 is positioned in a first position such that a vent hole 222 

is positioned between the staging chamber 214 and the delivery cannula 50. The vent 
hole 222 allows excess saline 230 injected into the staging chamber 214 to vent from 
the staging chamber into the delivery cannula 50. 

After hydration of the pledget, the gate valve 220 is pushed to a second 

10 position, as shown in FIGS. 23 and 23 A. In the second position a delivery opening 

224 in the gate valve 220 is aligned with the staging chamber 214 to allow the pledget 
12 to pass from the staging chamber into the delivery cannula 50. 

In addition to providing for venting and delivery of the pledget 12, the gate 
valve 220 can be used as a guillotine or a cutter to cut or shear off portions of the 

15 pledget 12 which extend from the distal end of the delivery cannula 50. FIGS. 24 and 

24A illustrate the sliding of the gate valve 220 from the second position for staging to 
the first position for venting to shear off the excess pledget material 12a adjacent the 
distal end of the delivery cannula. As shown in FIG. 25, a lock collar 226 is released 
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to allow separation of the staging chamber 214 from the delivery cannula 50. The 
delivery cannula 50 and pusher 52 are then ready for over the wire insertion to a blood 
vessel puncture site to facilitate hemostasis. 

One type of absorbable sponge material which is acceptable for use in the 

5 present invention is Gelfoam, manufactured by the Upjohn Company. Gelfoam is a 

porous, pliable, cross-linked gelatin material and is available commercially in sheet 
form as pre-compressed or non-compressed sponge. The material may be provided 
preformed as a pledget 12 or may be cut with a punch, or a stencil or template and 
knife and rolled to form a pledget as described above. Once hydrated, the pledget 12 

10 can be easily compressed to fit into a lumen having a smaller cross sectional area than 
the original cross sectional area of the pledget. Additionally, the kneading of the 
hydrated pledget 12 during delivery encourages air trapped within the Gelfoam to be 
expelled and replaced with fluid, allowing rapid expansion upon delivery. When a 
pledget 12 of a pre-compressed Gelfoam is hydrated and kneaded (expelling air) during 

15 delivery, the pledget will have the absorption capacity to rapidly expand to many times 

(e.g., 3 or more times) its original dry volume upon delivery. When a pledget 12 of 
the non-compressed Gelfoam is hydrated and kneaded (expelling air) during delivery, 
the pledget will have the absorption capacity to rapidly expand to its original dry 
volume upon delivery. These properties make the Gelfoam sponge material 

10 particularly useful for facilitating hemostasis of puncture wounds by injection. 

The absorbable sponge material can be absorbed by the body in a period of 
time between several days and several months depending on the absorbable sponge 
material used. A pledget 12 formed of commercially available Gelfoam material will 
be absorbed by the body within 1 to 6 weeks. However, the pledget material may be 

25 engineered to provide different rates of absorption. For example, Gelfoam can be 

designed to be absorbed at different rates by varying the degree of cross-linking. 
Preferably, tlie pledget 12 is designed to be absorbed in less than one month. 
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Although the invention is primarily intended for delivery of absorbable sponge, 
non-absorbable sponge may also be delivered with the devices, systems, and methods 
of the present invention. A non-absorbable sponge may be desirable where it will be 
necessary to locate the blood vessel puncture after the procedure. 

5 Although the pledget 12 has been described as formed from a rectangular 

shaped piece of an absorbable sponge material which is rolled into a cylindrical shape, 
the pledget may also be formed in different shapes and rolled from different shaped 
sheets. For example, the pledget 12 may be preformed in a variety of cross sections 
including circular, rectangular, star, or other multi-sided shape. The pledget 12 may 

10 have a folded cross section and may have through or blind holes formed in the dry 

pledget. In addition, the pledget size and shape can be matched to the size and shape 
of a particular delivery site. 

While an amorphous or discontinuous sponge structure may be used in the 
present invention, a continuous structure of the delivered absorbable sponge pledget 12 

15 provides more secure and reliable placement of a plug of material against the blood 
vessel puncture than a paste or liquid. The continuous sponge structure can even 
facilitate partial withdrawal, removal, or movement of the ejected pledget. 

In accordance with one aspect of the invention, the absorbable sponge material 
can be hydrated with a clotting agent such as thrombin, a contrast agent, another 

20 beneficial agent, a combination of agents, or the like. Alternatively, the pledget 

material itself may contain an agent such as a clotting agent, a contrast agent, another 
beneficial agent, a combination of agents, or the like. 

The treatment of a blood vessel puncture with a hydrated and injected pledget 
12 of absorbable sponge to facilitate hemostasis provides substantial advantages in 

15 comfort over external pressure methods. In addition, the present invention also 

provides advantages over the insertion of an absorbable sponge material in a dry state 
or injection of a liquid or paste. In particular, the hydration and manipulation or 
"kneading" of the hydrated Gelfoam pledget 12 as it is passed through the staging 
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chamber improves the expansion and absorption characteristics of the Gelfoam. The 
injected Gelfoam conforms in shape quickly to the shape of the puncture site and 
immediately begins blocking blood flow through the puncture site and providing local 
compression. In contrast, a dry piece of sponge material does not swell until the blood 
has sufficiently saturated the sponge material, which can take up to hours. The 
hydrated and kneaded sponge material will expand to a larger size much more quickly 
when wetted than a piece of dry sponge material when wetted. 

Because the amount of subcutaneous fat and tissue between the skin and the 
blood vessel varies between patients from approximately 0.5 cm to 15 cm or more the 
system may be provided in different lengths for use in different patients. The pledget 
12 size and shape may also be varied for different patients. The absorbable sponge 
material should form a complete plug over the puncture site without expanding into the 
blood vessel or exiting the skin of the patient. In some instances where the amount of 
subcutaneous tissue is great it may be desirable to deliver multiple pledgets 12 in 
spaced apart positions along the tract leading to the puncture site. The particular size 
and shape of the delivery system may vary depending on the size of the access site, 
amount of subcutaneous tissue, and the size of pledget 12 to be delivered. While the 
invention has been described in detail with reference to the preferred embodiments 
thereof, it will be apparent to one skilled in the art that various changes and 
modifications can be made and equivalents employed, without departing from the 
present invention. 
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WHAT IS CLAIMED IS: 

1 . A connector for introducing fluid to a chamber, the connector 
comprising: 

a connector body having a central lumen, a first end for connection to 
an opening in a chamber, and a second end for connection to a syringe; 

a releaseable coupling for coupling the first end of the connector body to 
the opening of the chamber; 

a sealing mechanism for forming a substantially fluid tight seal between 
the first end of the connector body and the opening of the chamber; and 

a lock mechanism for preventing the release of the releaseable coupling 
when a syringe is connected to the second end of the connector body. 

2. The connector of Claim 1, wherein the releaseable coupling is a snap 

fit. 

3. The connector of Claim 2, wherein the releaseable coupling includes 
two wings which are pressed inward to release the coupling. 

4. The connector of Claim 3, wherein the two wings contact the syringe 
when the syringe is connected to the second end of the connector body and provide the 
lock mechanism. 

5. The connector of Claim 1, wherein the sealing mechanism is an O-ring. 



6. The connector of Claim 1, wherein the sealing mechanism is provided 
by a beveled surface on the first end of the connector which engages a corresponding 
beveled surface on the opening in the chamber. 
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7. The connector of Claim 1, wherein the second end of the connector 
includes a luer fitting for connection to the syringe. 

8. A device for facilitating hemostasis of a puncture in the wall of a blood 
vessel, the device comprising: 

a delivery cannula for delivery of a sponge pledget into a patient to seal 

a puncture; 

a pusher positioned in a proximal end of the delivery cannula for 
ejection of the pledget from the delivery cannula into the patient to seal the puncture; 
and 

a staging chamber having a first end removably connectable to a distal 
end of the delivery cannula for hydrating the sponge pledget and delivering the sponge 
pledget to the delivery cannula, the staging chamber having a lumen diameter which is 
larger than a lumen diameter of the delivery cannula. 

9. The device of Claim 8, wherein the distal end of the staging chamber 
has tapered lumen for compressing the sponge pledget as it is delivered to the delivery 
chamber. 

10. The device of Claim 8, further comprising a substantially fluid tight seal 
between the staging chamber and the delivery cannula for delivery of the sponge 
pledget from the staging chamber to the delivery cannula by fluid pressure. 

11. The device of Claim. 8, wherein the staging chamber includes a valve 
having a fluid venting position and pledget staging position. 

12. The device of Claim 8, wherein the staging chamber includes a valve 
having a pledget staging position and a pledget hydrating position. 
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13. The device of Claim 8, further comprising a connector at a second end 
of the staging chamber allowing connection of a syringe to the staging chamber for 
hydrating the sponge pledget. 

14. The device of Claim 13, wherein the connector is removable from the 
staging chamber and includes a luer fitting for connecting the syringe to the staging 
chamber. 

15. A staging system for hydrating a sponge pledget, the system 
comprising: 

a staging chamber having an open lumen with a tapered section at a first 

end; and 

a connector attachable to a second end of the staging chamber for 
connecting a syringe to the staging chamber, the connector comprising: 

a connector body having a central lumen, a first end for 
connection to the staging chamber, and a second end for connection to a syringe; 

a releaseable coupling for coupling the first end of the connector 
body to the staging chamber; and 

a sealing mechanism for forming a substantially fluid tight seal 
between the first end of the connector and the staging chamber. 

16. The staging system of Claim 15, further comprising a lock mechanism 
for preventing the release of the releaseable coupling when a syringe is connected to 
the second end of the connector body. 

17. A device for facilitating hemostasis of a puncture in the wall of a blood 
vessel, the device comprising: 
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a delivery cannula for delivery of a sponge pledget into a patient to seal 

a puncture; 

a pusher positioned in a proximal end of the delivery cannula for 
ejection of the pledget from the delivery cannula into the patient to seal the puncture; 
and 

a staging chamber having a first end removably connectable to the 
delivery cannula, the staging chamber having a valve with a first position for hydrating 
the sponge pledget and a second position for delivering the sponge pledget to the 
delivery cannula, the staging chamber having a lumen diameter which is larger than a 
lumen diameter of the delivery cannula. 

18. The device of Claim 17, wherein the vent is a rotatable stopcock. 

19. The device of Claim 17, wherein the vent is a gate valve. 

20. The device of Claim 17, wherein the valve includes a vent hole for 
venting fluid from the staging chamber when the vent is in the first position for 
hydrating. 

21. The device of Claim 17, wherein the vent includes a delivery opening 
for delivering the sponge pledget through the valve to the delivery cannula when the 
valve is in second position for delivery. 

22. The device of Claim 17, wherein the valve acts as a cutter when moved 
from the second position to the first position to cut off a portion of the sponge pledget. 
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